of each model was measured using the area under the receiver operating characteristic (AUROC) curve. Optimally defined hypotension was identified as the model with the highest AUROC curve.
Main Outcomes Measure: In-hospital mortality.
Results: A total of 902 852 patients (median age, 44 years; 66.2% men) were analyzed. Overall mortality was 4.1%. Optimal emergency department SBP cutoff values for hypotension were 85 mm Hg for patients aged 18 to 35 years, 96 mm Hg for patients aged 36 to 64 years, and 117 mm Hg for elderly patients.
Conclusions: For patients younger than 65 years, the classic definition of hypotension as an emergency department SBP less than 90 mm Hg remains optimal. With increasing involvement of elderly individuals in trauma and their peculiarity as a comorbid state, there is a need to redefine what is presently defined as a cutoff value for hypotension in elderly patients.
Arch Surg. 2011; 146(7) : [865] [866] [867] [868] [869] E LDERLY TRAUMA PATIENTS have poorer survival rates than do younger trauma patients. This disparity stems from several contributors, including hypotension. Hypotension is an abnormally low blood pressure (BP) in which end-organ perfusion becomes compromised. Although BP is not a direct correlate of tissue perfusion, it remains a noninvasive surrogate with clinical utility. Most evidence supporting the less than 90 mm Hg systolic BP (SBP) threshold definition for hypotension in adults has been extrapolated from animal models. [1] [2] [3] [4] However, clinical evidence is increasingly supporting the hypothesis that BP values associated with hypotension are inconsistent across different patient populations. Moreover, investigators have recently muddied the waters by suggesting a higher SBP threshold of 110 mm Hg, and others are suggesting a lower value of 80 mm Hg as being indicative of hypotension. 5, 6 Although ageadjusted BP is an accepted concept in the pediatric trauma population, a blanket definition of SBP less than 90 mm Hg has generally been applied to the adult population. As with many physiologic variables, age modifies what may be termed "normal" in one age group compared with another.
The danger of applying a single definition of hypotension to trauma patients at the extremes of age has been documented in elderly patients. Age-related changes in the cardiovascular system (inadequate cardiac output, reduced maximum heart rate, and increased peripheral vascular resistance) may inhibit the cardiovascular compensa-tory response in elderly individuals and potentially mask hypotension. These cardiovascular concerns, coupled with preexisting comorbidities, preclude a similar cutoff value for hypotension in elderly patients.
The objective of this study was to determine the BP best associated with worse outcomes in adult trauma patients, especially geriatric patients. It is hypothesized that the BP associated with hypotension and greater mortality varies across different age groups.
METHODS
The National Trauma Data Bank, version 7.1, 2002-20006 (NTDB), was used in this retrospective analysis to define hypotension in elderly trauma patients and to determine its effect on mortality. The NTDB is maintained by the American College of Surgeons and is the largest known collection of trauma index cases in the world. Data from more than 1.8 million patients are captured in this most recent version. Data are voluntarily submitted by more than 700 trauma centers across the United States and in Puerto Rico.
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STUDY SAMPLE
We included in the analysis patients 18 years and older with an SBP of 50 to 150 mm Hg. A broad SBP range was chosen to provide a graphical visualization of the most appropriate threshold value to define hypotension. We excluded the following from the analysis: burn injury patients because their care may differ from that for other mechanisms of injury, patients younger than 18 years, and patient records with missing data.
Patients who met the inclusion criteria where then categorized into 1 of the following 3 age groups: 18 to 35 years, 36 to 64 years, and 65 years and older. The 18-to 35-year-old age range was defined because this population has the highest incidence of trauma. Those 65 years and older are defined as elderly. In this population, age-related changes affect the cardiovascular system and impact the ideal BP at which tissue perfusion becomes compromised. Thus, it was imperative to analyze this group as a defined subset. The 36-to 64-year-old age group was clustered together and represented the transition group.
OUTCOME MEASURE AND COVARIATES
The primary comparison was the different SBP measure, and the primary outcome measure was in-hospital mortality. The age groups were then compared for multiple covariates known to independently predict mortality. Patient demographics were sex, self-reported race/ethnicity (white, black, Hispanic, and other), and insurance status classified as commercially insured (Blue Cross/Blue Shield, managed care organization, other commercial indemnity plan, workers' compensation, or liability insurance), government insured (Medicare and Medicaid), or uninsured. The Injury Severity Score was used to quantify anatomical injury. 8 The Emergency Department Glasgow Coma Scale motor component combined with shock was used to measure severity of physiologic injury; use of the Emergency Department Glasgow Coma Scale motor component with shock as an adequate surrogate for physiologic injury after trauma has been previously demonstrated. 9 The mechanisms of injury included motor vehicle collisions, bicycle crashes, motorcycle crashes, and falls, as determined by International Classification of Diseases, Ninth Revision, external injury codes.
STATISTICAL ANALYSIS
Because the purpose of this research was to determine the optimal SBP cutoff value that accurately predicts mortality, only adjusted regressions were performed for each age group analysis. However, the Table highlights a comparison of the different age groups by injury and demographic factors. For each analysis, hypotension was sequentially defined as an emergency department SBP of 50 to 150 mm Hg to determine which model best predicted mortality, adjusting for the independent variables. Each regression analysis was performed with in-hospital mortality as the primary outcome and adjusted for the independent variables described previously herein. A total of 101 multiple logistic regressions were performed for each defined age group. With each regression, the threshold value and definition for hypotension were changed sequentially (starting with 50 mm Hg and finishing with 150 mm Hg). Patients with an emergency department SBP less than 50 mm Hg were defined as hypotensive, and those with an SBP of 50 mm Hg or greater were defined as normotensive. The area under the receiver operating characteristic (AUROC) curve was measured for each regression. The AUROC curve or C statistic measures the ability of each variable (in this case, combination of variables) to accurately predict the outcome of interest, in-hospital mortality. 9 The AUROC curve calculates the area under the curve and plots the true-positive rate against the falsepositive rate; 1.00 is a100% true-positive rate. Therefore, 2 cutoff values with the same true-positive rate and different falsepositive rates will have different AUROC curves. The cutoff value with the lower false-positive rate will have a better AUROC curve. The conventional classifications of AUROC curve were used in this analysis, and an AUROC curve of less than 0.60 was considered poor, 0.70 to 0.79 fair, 0.80 to 0.89 good, and 0.90 or greater excellent. 10 Hypotension was identified as the emergency department SBP used in the model with the highest value of AUROC curve for each population. All the analyses were performed using a commercially available statistical software program. 
RESULTS
Of approximately 1.8 million records in the NTDB, 902 852 met the inclusion criteria. The median patient age was 44 years, and men accounted for two-thirds of the population (66.2%). Most patients were white (66.1%), and black (16.2%), Hispanic (11.3%), and other (6.4%) racial/ethnic groups accounted for the remaining sample population. Approximately 25% of the patients had an Injury Severity Score greater than 15. Overall mortality in this population was 4.1%. Patients in the 18-to 35-year-old group accounted for 40.4% (n = 364 400) of the sample, the 36-to 64-year-old group made up 40.7% (n=367 024), and those 65 years and older represented 19.0% (n=171 428). A comparison of demographic and injury characteristics among the 3 age groups is given in the Table. An AUROC curve distribution with different cutoff values was completed for each age group to identify the optimal threshold in which to define hypotension. In Figure 1 , the highest AUROC curve value for the 18-to 35-year-old group intersected at an SBP of 85 mm Hg, after which the values began to trend downward. In Figure 2 , the highest AUROC curve value for the 36-to 64-year-old group intersected at an SBP of 96 mm Hg. In Figure 3 , the highest AUROC curve value for the group 65 years and older intersected at an SBP of 117 mm Hg. A subset analysis of the group aged 65 years and older was conducted by race/ethnicity, with no change demonstrated (Figure 4) .
COMMENT
In this study, an SBP of 117 mm Hg was identified as the threshold value defining hypotension in trauma patients 65 years and older. Moreover, the threshold SBP associated with hypotension varied by age group. These findings have important clinical implications given that 90 mm Hg is the classic SBP definition for hypotension in adults and is linked to significantly greater mortality in the geriatric population. Recent debate on the most accurate definition of hypotension in adults has varied from 80 mm Hg for severe hypotension 6 to a cutoff value of 110 mm Hg. 5 In the latter study, 5 Eastridge et al point out a lack of evidence supporting the 90-mm Hg threshold. After further analysis, they conclude that an SBP of 110 mm Hg is a more accurate definition for hypotension. Although this study had strengths, a major limitation was the use of SBP as a continuous variable in their analyses. In the clinical setting, hypotension is essentially a dichotomous variable; a patient either is or is not hypotensive. For example, patients with an SBP less than 90 mm Hg and those with an SBP less than 80 mm Hg are both defined as hypotensive. Thus, the results of the study by Eastridge et al 5 may be affected by analytic bias. Our study attempted to correct for this analytic bias by defining each potential threshold as a dichotomous variable and by calculating the AUROC curve after adjusting for other confounders of mortality. Because we systemically used this analytic method for every threshold considered, we believe that these results are more accurate SBP thresholds for defining hypotension and predicting mortality in the elderly age group. We therefore submit that the classic definition of hypotension at 90 mm Hg may be valid for adult trauma patients younger than 65 years. The elderly trauma patient differs significantly from the younger trauma patient in many ways besides age that increase their risk of mortality. Mortality is 2 times higher in the elderly population compared with the younger population. 12, 13 A potential contributor to this disparity is the prevalence of preexisting comorbidities in the elderly, which have been demonstrated to be independent predictors of poor outcomes in the geriatric trauma patient. [14] [15] [16] [17] Another important contributor of mortality in geriatric patients is a decreased physiologic response after traumatic injury. In 1 study, one-third of stable geriatric patients with normal BPs died within 24 hours of a cardiac arrest from age-related cardiac insufficiency, which caused hypoperfusion with higher peripheral vascular resistance. This poor response from the cardiovascular reserve makes shock even more difficult to detect and diagnose. 14, 18, 19 Moreover, the elderly experience diminished cardiac output and poor functional capacity during periods of stress that impair their ability to tolerate injury. 15 Thus, early predictors of shock, such as peripheral perfusion and presence of a pulse, may be missed in the elderly trauma patient because of these agerelated changes. In addition, approximately two-thirds of patients older than 60 years have systolic hypertension. 20 Consequently, elderly trauma patients with normal BP measurements may actually be in a significant state of shock.
Although many researchers have recognized physiologic differences in the elderly compared with younger adults, to our knowledge, this study is the first large database analysis to recommend an optimal threshold for defining hypotension in trauma patients 65 years and older. Although Eastridge et al 5 found a similar threshold at 110 mm Hg for older patients in their study, their cutoff age started at 43 years. In addition, their study explored various subsets of patients to account for differences without a defined multivariate analysis; this study went a step further by adjusting for most known independent predictors of poor outcome after trauma, as noted in the "Methods" section. We therefore surmise that the finding from this study supports the utility of this noninvasive assessment in critical decision making and can serve to redirect and provide early goal-directed therapy. The utility of noninvasive assessment in critical decision making may allow for earlier intervention and avoidance of precipitous decompensation in the geriatric trauma patient.
This study has limitations common when using existing data sets and performing retrospective analyses. The NTDB is a convenience sample and does not represent a population-based sample. Thus, these results may not be generalizable. Also, data are reported to this registry from many trauma centers and are subject to underreporting with limited quality control that may reflect in the composite data. Nevertheless, all levels of trauma centers from every region in the United States participate in reporting, which make the data more representative of all trauma patients. Moreover, there is a substantial amount of missing data that may bias these results. Also, the temporal method of data collection of physiologic measures was not standardized among hospitals. Regardless of these limitations, the NTDB provided a large sample size and can serve as a powerful resource to further advance trauma outcomes research.
We demonstrated that an SBP of 117 mm Hg is a better diagnostic definition for hypotension and predictor of mortality in the elderly trauma patient. Unlike the younger population with a highly predictive AUROC curve, other factors yet unaccounted for may still contribute to mortality in the elderly population, most probably comorbidities. However, the current threshold of 90 mm Hg, which may suffice in the younger trauma population, is not a reliable predictor in the geriatric trauma population. As the elderly population rapidly increases, with a projected 20% of the US population in the senior age group by 2030, it is critical to reassess the present definition of hypotension, specifically in the elderly. This reassessment will help mitigate the high morbidity and mortality rates experienced by elderly individuals after traumatic injury. 
